Abstract-An analytical solution for the scattering of an electromagnetic plane wave from a perfect electromagnetic conducting (PEMC) circular cylinder coated with chiral material is derived. The PEMC cylinder as well as coating layer is of infinite length (2-D problem). Parallel polarization of the plane wave is considered for the analysis. The response of the chiral coated geometry has been observed for DPSchiral, DNG-chiral and chiral-nihility coating layers. Also the behavior of the monostatic echo width for DPS-chiral and DNG-chiral layers has been studied against the admittance parameter. Results of bistatic echo width for the PEMC, PEC and PMC core have been presented. Under special conditions our results are in a very good agreement with the published literature.
INTRODUCTION
PEMC material is the generalization of PEC and PMC materials. Perfect electromagnetic conductor (PEMC) was introduced by Lindell and Sihvola [1] . Transformation method for problems involving perfect electromagnetic conductor (PEMC) structures is studied [2] . Losses in PEMC boundary [3] and Possible applications of perfect electromagnetic conductor (PEMC) media is given [4] . Lindell and Sihvola also introduced the PEMC resonator [5] . Ruppin developed an analytical theory for the electromagnetic scattering from PEMC cylinder [6] . PEMC boundary conditions are
conditions are applied to solve the unknown scattering coefficients.
Using the large argument approximation of Hankel function, the bistatic echo width in the far-zone is calculated. Authors have incorporated the chiral nihility and DNG chiral medium to find out the changes in the scattering behavior due to a coated geometry. For the first time, in case of a chiral-coated PEMC cylinder, the variation in the monostatic echo width for positive and negative values of the admittance parameter M η 1 has been observed. Also the scattering maximization for a specific selection of the admittance parameter M η 1 has also been reported, for the first time, in the case of DNG chiral medium coating over the PEMC cylinder. For the verification of analytical formulation and numerical code results under special conditions, are compared with the published work and are found in good agreement. We have used e jwt time dependence which is suppressed through out the analysis.
ANALYTICAL FORMULATION

Chiral-coated PEMC Cylinder
The geometry of the problem used for the analysis is shown in Fig. 1 . It contains a PEMC circular cylinder which has been coated with a chiral layer of uniform thickness. For simplicity, we assume that axis of the cylinder is coincident with z-axis of the coordinate system. Radius of the cylinder without coating is a while radius of cylinder with coating is b. Region outside the cylinder has been termed as region 0 with ρ > b and has wavenumber k 0 = ω √ µ 0 0 , while chiral coating layer is termed as region 1 with a < ρ < b and has wavenumber k ± = ω( √ µ 1 1 ± ξ). Where, ξ is the chirality parameter. Also µ 1 = µ 0 µ c and 1 = 0 c , is the permeability and permittivity of the region 1 respectively. 
Parallel Polarization
Consider the case when a parallel polarized plane wave is normally incident on the chiral-coated PEMC cylinder.
The incident electromagnetic field in terms of cylindrical coordinates (ρ, φ) is given by
The incident electric field is written in terms of infinite Fourier-Bessel series as
Using Maxwell's equation the corresponding (φ) component of the magnetic field is given by
where
is the free space impedance, J n (.) is the Bessel function of first kind and prime represents the derivative with respect to its whole argument. The inner core material is a PEMC cylinder, so the scattered field will contain a cross-polarized field component in addition to the copolarized field component. The scattered fields in region 0 are.
The region 1 has two interfaces at ρ = a and ρ = b. The total field in region 1 is expressed in terms of oppositely traveling cylindrical waves as under.
(13) where a n , b n , c n , d n , e n and f n are the unknown scattering coefficients which can be found using appropriate boundary conditions at the interfaces (ρ = a and ρ = b), separating the layers. The boundary conditions at ρ = a are given by
The boundary conditions at ρ = b are given by
(21) Application of the above boundary conditions at ρ = a and ρ = b, yields a linear Matrix in terms of the unknown scattering coefficients. The solution of this linear Matrix gives the unknown coefficients.
Putting the values of a n and b n in Equations (6)-(9), the scattered co-polarized and cross-polarized fields are obtained for chiral-coated PEMC cylinder. Using the asymptotic form of Hankel functions, the far-zone scattered field is obtained.
Echo Width (σ)
Echo width is the ratio of the total power scattered by the scatter to the incident power per unit area on the scatterer
For the parallel polarization case, the normalized bistatic echo width (RCS) of the co-polarized and cross-polarized field components is given by
where a n is the scattering co-efficient of Co-polarized field and b n is the scattering coefficient of Cross-polarized field. Using the duality principle the perpendicular polarization case can be formulated.
NUMERICAL RESULTS AND DISCUSSION
The numerical results are based on the above analytical formulations for a PEMC circular cylinder coated with chiral material. The radius of the PEMC cylinder is taken as a = 0.5 m while radius of the coated PEMC cylinder is b = 1.0 m and the chirality of the coating layer is taken to be ξ = 0.002, in all the plots. To check the validity of the analytical formulation and numerical code, we have compared the results of chiral-coated PEMC cylinder with those for a chiralcoated PEC cylinder [23] , i.e., when M η 1 → ∞. For Figs. 2 and 3, the core of the geometry has been taken to be PEMC, PEC and PMC whereas the coating layer is considered of DPS-chiral material with c = 3, µ c = 2. Fig. 2 shows the co-polarized components of the bistatic echo width of the chiral coated geometry with different cores. While Fig. 3 presents the cross-polarized components of the farzone bistatic echo width DPS-chiral coated geometry. The difference between the co-and cross-polarized components for this type of coating layer is obvious from these two figures. Figures 4 and 5 represent the plots when coating layer is taken to be DNG-chiral, i.e., c = −3, µ c = −2. Again the core of the geometry has been taken to be PEMC, PEC and PMC. Fig. 4 shows the copolarized components of the far-zone bistatic echo width of the chiral- coated geometry with different cores. While Fig. 5 presents the crosspolarized components of the far-zone bistatic echo width DPS-chiral coated geometry. The difference between the co-and cross-polarized components in the sense of froward and backward echo width for this type of coating layer is obvious from these two figures. Figure 6 shows the co-polarized components of the far-zone bistatic echo width of the chiral-coated geometry when the coating layer is taken to be chiral nihility, i.e., for and µ c → 0, c → 0. The cross-polarized components for this type of the geometry is zero for all the three types of the cores, i.e., PEMC, PEC and PMC.
In Figs 
CONCLUSION
Different coating layers have been discussed to illustrate the scattering properties of a chiral-coated PEMC cylinder. It is observed that the behavior of the co-and cross-polarized components of bistatic echo is different for different coating layers. One of the important features of this work is the variation in the co-and cross-polarized components of the monostatic echo width, for the positive and negative values of M η 1 . Which has been observed for the first time for any coated and un-coated PEMC cylindrical geometry. Secondly it can be observed in the case of DNG-chiral coating layer that there is a possibility of achieving a strong scattering maximization with an appropriate choice of the M η 1 .
